Context: Postoperative sore throat (POST) is a very common complaint following tracheal intubation. Although it resolves spontaneously, efforts must be taken to reduce it. Aims: This study aims to compare the effect of cuff inflation using manometer versus conventional technique on the incidence of POST. Secondary objectives were to assess the incidence postoperative hoarseness and cough. Settings and Design: A total of 120 patients were included in this prospective observational comparative study. Subjects and Methods: After approval from the hospital ethics committee, consenting American Society of Anesthesiologists physical status Class I and II patients, scheduled for gynecologic laparoscopic surgery under general anesthesia, were included. They were randomly allocated by closed envelope technique to either Group A where the cuff pressure was adjusted to 25 cmH 2 O using a manometer or Group B where cuff inflation was guided clinically. Patients were monitored for sore throat, hoarseness of voice, and cough postoperatively. Statistical Analysis Used: To calculate the incidence of sore throat, hoarseness, and cough, descriptive statistics were applied. For checking association of sore throat and cuff pressure, Chi-square test and for comparing numerical values independent sample t-test were applied. Results: The incidence of POST was significantly less in Group A than in B (P < 0.001) up to 24 h. Incidence of hoarseness was less in Group A and incidence of cough was higher in Group B, but these differences were not statistically significant. Conclusion: Cuff inflation guided by manometer significantly reduces the incidence of POST. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. 
IntroductIon
The incidence of postoperative sore throat (POST) varies from 30% to 70%. [1] It varies with size of endotracheal tube, anesthetic skill, duration of procedure, cuff design, high suction pressures, lack of humidification, and high airflow. [2] High cuff pressure is associated complications such as sore throat, tracheal rupture, laryngeal nerve palsy, and tracheoesophageal fistula. [3] [4] [5] [6] [7] [8] Hence, it is recommended to maintain the cuff pressure between 20 and 30 cmH 2 O. [9] Conventionally, cuff inflation is guided by palpation of the pilot balloon and absence of audible leak during ventilation. [10] The aim of our study was to compare the incidence and severity of sore throat, with cuff inflation guided by manometer with conventional method.
SubjectS and MethodS
This prospective, double-blinded, observational comparative study was conducted after obtaining hospital ethical committee approval and informed written consent from patients. The study was conducted from January 2014 to December 2016.
Sample size
Based on the incidence of sore throat in cuff inflated by manometer compared to control group (16.7% vs. 40%) from existing literature, [10] with 80% power and 95% confidence, minimum sample size was computed to be 60 in each group. One hundred and twenty American Society of Anesthesiologists (ASA) physical status Class I-II patients, 18 years or older scheduled for gynecologic laparoscopic surgery under general anesthesia, were recruited and categorized into two equal groups by closed envelope technique. Patients with difficult airway, Mallampatti grading >II, who required >1 attempt at intubation, had preexisting cough or sore throat, or any other respiratory complaints and prolonged surgery were excluded from the study.
Standardized general anesthesia protocol was followed. All patients received oral ranitidine 150 mg, metoclopramide 10 mg, and alprazolam 0.25 mg on the night before surgery and ranitidine 150 mg and metoclopramide 10 mg on the morning of surgery. In the operation theater, intravenous (IV) cannula was inserted and monitoring with electrocardiography, noninvasive blood pressure monitor, and pulse-oximeter was done. Patients were preoxygenated with 100% O 2 ; glycopyrrolate 0.2 mg, midazolam 2 mg, and fentanyl 2-3 µg/kg were given intravenously. They were then induced with IV propofol 1.5-2.5 mg/kg till there was a loss of response to verbal commands. Mask ventilation was performed with 100% O 2 and isoflurane 0.5%-1.5%. Vecuronium 0.1 mg/kg IV was used after induction as skeletal muscle relaxant and a gentle quick laryngoscopy was done to intubate the patient with disposable 7.5-mm internal diameter cuffed (low pressure and high volume) polyvinyl chloride endotracheal tube. Endotracheal tube cuffs were filled with minimal volume of room air required to prevent an audible leak. If >2 attempts were required for intubation, the patients were excluded from the study. Both intubation and cuff inflation were performed by anesthetist posted in the theater. The cuff pressure was measured and it was set to 25 cmH 2 O using Portex cuff inflator (manufacturer: Smiths Medical International Ltd., UK) in Group A. In Group B, cuff inflation was guided by the absence of audible leak and by palpation of the pilot balloon as assessed by the anesthetist posted in the theater. An Ryles tube was then gently inserted through the nose. If >2 attempts were required for its insertion, the patient was excluded from the study. Anesthesia was maintained using O 2 in air (1:2) and intermittent positive-pressure ventilation with isoflurane 0.5%-1.5%. Nitrous oxide use was avoided in all patients. IV vecuronium at 1/5 th the induction dose was repeated at half and hour intervals or earlier if the patient showed signs of recovery from muscle relaxant. All patients were positioned in Trendelenburg position as required for gynecologic laparoscopic surgery. Toward the end of surgery, IV ondansetron 4 mg and IV paracetamol 1 g was given to all patients. On completion of surgery, residual muscle relaxation was reversed with IV neostigmine 0.05 mg/kg and glycopyrrolate 10 µg/kg and extubation was performed after gentle oropharyngeal suctioning under vision. Postoperative analgesia was provided with IV paracetamol 1 g 8 th hourly. Postoperative cough, sore throat, and hoarseness monitoring and grading were done in the Intensive Care Unit (ICU) by the nursing staff who were blinded to the technique and the responses were noted at 0, 2, 4, 12, and 24 h. The patients were asked to grade POST, cough, and hoarseness using a predefined category scale with scores 0-3 [ Table 1 ].
Statistical analysis
All statistical analysis was performed with IBM SPSS 20.0. (SPSS Inc., Chicago, IL, USA). To calculate the incidence of sore throat, hoarseness of voice, and cough in the postoperative patients, descriptive statistics were applied. For checking the association of sore throat and cuff pressure between the study and control groups, Chi-square test was applied. For comparing the numerical values between the study and control groups, independent sample t-test was applied. P < 0.05 was considered statistically significant.
reSultS
A total of 120 patients were recruited in this study [Flow diagram1 ]. Distribution of patients in both groups was similar with respect to demographics, ASA distribution, Mallampatti scoring, and duration of surgery. The shortest duration of surgery was 120 min and the longest duration was 360 min. The incidence of sore throat was measured at 0, 2, 4, 12, and 24 h.
In Group A, 19 patients (31.7%) had sore throat as compared to 41 patients (68.3%) in Group B. This is statistically significant with P < 0.001. Five patients (8.3%) in Group A and 12 patients (20%) in the Group B had hoarseness of voice, which is not statistically significant with a P = 0.067. On comparing the incidence of cough between the groups, only two patients (3.3%) in the Group A had cough in the postoperative period whereas three patients (5%) in the Group B had cough. This was also not statistically significant [ Table 2 and Figure 1 ].
At all time periods, the incidence of sore throat was more in Group B as compared to the Group A and this was statistically significant [ Table 3 ]. None of the patients in both the groups had severe sore throat. The incidence of hoarseness of voice was also compared at 0, 2, 4, 12, and 24 h in the postoperative period. The incidence of hoarseness was also clinically less in the Group A as compared to Group B. However, this was not found to be statistically significant at any time period [ Table 4 ]. Three patients in Group B and two patients in Group A complained of cough. No statistically significant difference in the incidence of cough was found between the two groups with respect to cough in the postoperative period. As none of Severe -Patient in obvious distress the patients had any complaints of cough after 2 h, statistical analysis was done only up to this time [ Table 5 ].
dIScuSSIon
Sore throat is a well-recognized minor complication after general anesthesia in the postoperative period. [2] Prophylactic management for decreasing its frequency and severity is recommended to improve the quality of postanesthesia care, though the symptoms resolve spontaneously without any treatment. [10] The purpose of inflating endotracheal cuff is to prevent leakage of gases during positive-pressure ventilation and aspiration of food or gastric fluid. However, overinflation of the cuff for prolonged periods can lead to mucosal injury. Excessive inflation for prolonged periods can affect the perfusion of tracheal mucosa resulting in ischemic necrosis, tracheal rupture, tracheoesophageal fistula, or laryngeal nerve palsy. [11] Hence, it is recommended to maintain the cuff pressure between 20 and 30 cmH 2 O. [12] The conventional method used to inflate the cuff is to fill the cuff till a seal is achieved by palpating for leak in the suprasternal notch during positive-pressure ventilation or by palpation of the pilot balloon. [10] However, blind inflation often leads to overinflation of the cuff resulting in increased postoperative respiratory morbidity. [12, 13] In most hospitals, paramedics who are not trained to assess cuff inflation by conventional method would be inflating the cuff. [14] This lead to increased incidences of POST and other respiratory morbidities.
In our study, we compared the incidence of sore throat when cuff pressure (25 mmHg) was achieved with cuff manometer, with the conventional method of filling the cuff without measuring the cuff pressure. It was found that the incidence of sore throat was significantly higher in the latter group. Thus, it is important to use a cuff pressure manometer for better patient comfort and to avoid complications associated with cuff over inflation.
In a similar study by Nankar Archana et al. [10] on neurosurgery patients, it was found that cuff pressure monitoring by manometer reduced the incidence and severity of POST (16.7% vs. 40%). In our study, the incidence of POST in Group A with respect to Group B was also lower (31.7% vs. 68.3%). The relative higher incidences compared to this study could be attributed to the Trendelenburg position and pneumoperitoneum which itself increases the mucosal edema. The incidence of postoperative hoarseness was also less.
Ozer et al. [15] in their study on the influence of experience of the person on the cuff inflation pressure concluded that Figure 1: Incidence of sore throat, hoarseness, and cough experience alone is not sufficient and a manometer should be used in routine inflation of the cuff to reduce the postoperative complaints. They also found a correlation between cuff pressure and anesthesia duration with postoperative complaints. Gilliland et al. [16] and Harm et al. [17] in their study found that cuff is likely to be overinflated if cuff pressure is not monitored with a manometer.
In a study conducted by Trivedi et al., [18] routine cuff pressure measurements reduced endotracheal intubation-related complications. They recommended the use of simple manometer to guide cuff inflation than rely on subjective assessment. He found that anesthesiologist even with teaching experience of >5 years was not able to inflate the endotracheal cuff to the recommended range. Cuff is more likely to be overinflated when conventional methods are followed. Sultan et al. [19] in their review of the literature on endotracheal cuff pressure suggested that complications related to endotracheal intubation may be multifactorial, but elevated cuff pressure might be the major contributing factor and should be avoided. Studies have shown that cuff inflation by manometer is the best means of achieving ideal cuff inflation pressures.
Limitations of our study
Cuff pressure was measured only at the time of intubation and no measurements were taken during or at the end of surgery to determine if it remained the same until the end of surgery. Personnel with diverse experience performed intubation and their varying skill may have affected the results. Ryles tube insertion could have been a cause for increased sore throat. Head down position and pneumoperitoneum required for gynecological laparoscopic surgery could also have contributed to the increased sore throat. The degree of Trendelenburg position was not standardized in our study. This could have affected the results.
Future perspective
The study can be extended to a larger population with intermittent or continuous monitoring of cuff pressure during surgery; intubation by an experienced single anesthetist can be done to ensure there is no variation. Surgeries which do not require Ryles tube insertion could be selected for the study.
concluSIon
Cuff inflation guided by manometer significantly reduces the incidence of POST. Hence, cuff pressure manometer should be made available in all surgical theaters and ICU where endotracheal intubations are performed.
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